Introduction
Opioid-free anesthesia has been shown to have multiple advantages. It causes decreased postoperative nausea and vomiting (PONV), decreases the incidence of emergence agitation, prolonged sedation, ileus, and urinary retention. Opioids are also known to cause acute hyperalgesia. Thus, high intraoperative doses may lead to increased requirement of opioids in the postoperative period amplifying the opioid-related side-effects. Many patient factors, e.g., morbid obesity, obstructive sleep apnea, day care surgery, etc., may also merit decreased or no use of opioids during anesthesia. The use of multimodal analgesia utilizing nonsteroidal anti-inflammator y agents, dexamethasone, tramadol, and/or ketamine has been shown to either decrease or avoid intraoperative and postoperative opioid use. Alpha-2 agonists are an attractive choice for providing intraoperative and postoperative analgesia. They are being used for anesthesia and analgesia in animals for many years. Dexmedetomidine, the most recent alpha-2 agonist, is used for sedation and analgesia in the Intensive Care Unit (ICU), as premedication, as an anesthetic adjunct for general and regional anesthesia and also for postoperative sedation and analgesia.
The use of various elements of multimodal analgesia may decrease the opioid consumption but may not eliminate it completely. Dexmedetomidine, on the other hand, has shown to be an opioid equivalent analgesic in a few recent studies in patients undergoing laparoscopic surgery. [1, 2] However, whether the same results can be extrapolated for robotic surgeries remains to be explored. This study was thus planned to compare the analgesic efficacy of dexmedetomidine with fentanyl in patients undergoing robotic urological surgeries.
Material and Methods
The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. After obtaining the approval of our institutional human ethics committee and individual written informed consent, thirty American Society of Anesthesiologists I or II patients undergoing robotic urological surgery using the da Vinci S system (Intuitive Surgical, Inc., Sunnyvale, CA, USA) were randomly divided, through sealed envelope assignment, into two groups: Group F (received fentanyl for intraoperative analgesia) and Group D (received dexmedetomidine for intraoperative analgesia). Flow of patients for recruitment into the two groups is shown in Figure 1 . All thirty patients met the inclusion criteria of age between 18 and 60 years with no contraindication to the study drugs (left ventricular failure, volume-depleted state, severe heart block, known hypersensitivity to study drugs, bronchial asthma, head injuries, and increased intracranial pressure). Exclusion criteria included body mass index >25, history of major cardiovascular and nervous system disorders, and allergy to study drugs. Informed written consent was taken from all the patients. Patients undergoing robotic radical cystectomy with ileal conduit formation were excluded from the study as the pain quality was expected to be different due to open dissection involved during conduit formation.
Patients were kept nil per oral after midnight before surgery. They were premedicated with 0.25 mg alprazolam orally on the morning of surgery at 6.00 a.m. In the operating room, standard monitors were attached to the patient (electrocardiogram, noninvasive blood pressure, and pulse oximeter) and baseline parameters were recorded. Intravenous access was established with a 16G intravenous cannula under local anesthesia. Randomization was done by closed envelope method. Drug to be used was decided by a computer-generated randomization sequence. Person not involved in study picked up the envelope and according to the drug chosen prepared the study drug in identical syringes. Each syringe was labeled with the patients' number and the initials, and neither the treatment assignment nor the content of the syringe was known by the anesthesia staff involved in the patient management and data recording. To prepare the drug, in Group F, 400 mcg of fentanyl was diluted in 20 ml saline to make the infusion concentration of 20 mcg/ml, whereas in Group D, 100 mcg of dexmedetomidine was diluted in 20 ml saline to make the infusion concentration 5 mcg/ml.
Before the induction of anesthesia, loading dose of the study drug 0.1 ml/kg (which was equal to 2 mcg/kg for fentanyl and 0.5 mcg/kg for dexmedetomidine) was given intravenously over 10 min. Propofol was administered by an Orchestra ® Base Primea target controlled infusion (TCI) pump (Fresenius Kabi, Brezins, France) using the Schnider pharmacokinetic mode. During induction, target effect site concentration was set at 4 mcg/ml. Loss of consciousness was assessed by lack of response to verbal command. After induction of anesthesia and checking adequate mask ventilation, atracurium 0.5 mg/kg was given intravenously to achieve muscle relaxation. Patients were manually ventilated by mask with oxygen-air mixture and trachea was intubated after 3 min. After intubation, patients' lungs were mechanically ventilated with an oxygen-air mixture to maintain end-tidal CO 2 between 35 and 40 mmHg.
Anesthesia was maintained with propofol by TCI system to target the effect site concentration of 2-3 mcg/ml, study drug infusion at the rate of 0.05 ml/kg/h (which was 1 mcg/kg for fentanyl and 0.25 mcg/kg for dexmedetomidine) and atracurium boluses as and when required.
Rescue analgesia in the form of boluses of 0.5 mcg/kg of fentanyl was given in case of hypertension and/or tachycardia by the attending anesthesiologist who was blinded to the group allotted. The primary aim of the study was dose of rescue analgesic used intraoperatively. Adverse hemodynamic events were noted based on the following values: hypertension (mean arterial pressure [MAP] >20% above the preoperative baseline value), hypotension (MAP <20% below the preoperative baseline value), tachycardia (heart rate [HR] >20% above the preoperative baseline value), and bradycardia (HR <50 beats/min). Appropriate management of bradycardia and hypotension was instituted in the form of atropine and ephedrine in suitable doses, respectively, in both groups. Approximately 5 min before the anticipated end of surgery (defined as the last surgical suture), both propofol and the study drug infusion were stopped. After the end of surgery, neuromuscular blockade was reversed using intravenous neostigmine (50 mcg/kg) and glycopyrrolate (10 mcg/kg). Trachea was extubated when adequate spontaneous ventilation (tidal volume >4 ml/kg) was established. HR, MAP, systolic pressure, and diastolic pressure were recorded intraoperatively.
Recovery profile was assessed by measuring time to tracheal extubation from stopping infusions, time to eye opening from stopping infusions, and Modified Observer's Assessment of Alertness/Sedation Scale (MOASS).
In the Post Anesthesia Care Unit, patients were observed for 2 h. Nausea and vomiting was treated by intravenous ondansetron, 0.1 mg/kg, to patients who requested. Inadequate analgesia was treated with fentanyl 0.5 mcg/kg.
The study was planned as a pilot study as no previous published trial has compared the intraoperative analgesic efficacy of fentanyl and dexmedetomidine in robotic urological procedures. Sample size was calculated to detect a difference of 20 mcg in intraoperative rescue fentanyl use in both groups assuming that the standard deviation in fentanyl use would be 20 mcg with a power of 90% and a two-sided confidence interval of 95%. Statistical analysis was carried out using IBM @ SPSS @ statistics version 20 (IBM Corporations and its Licensors 1989, 2011, CA, USA). Data are presented as number (%) or mean ± standard deviation/ median (minimum -maximum) as appropriate. The baseline continuous variables were compared between the two groups using Student's t-test for independent samples and categorical variables were compared using Fisher's exact test. The changes in hemodynamic parameters over a period between the two groups were also compared using repeated measures ANOVA. P < 0.05 was considered statistically significant.
Results
Forty-two patients were screened for inclusion in the study. The flow of patients is shown in Figure 1 . Demographic characteristics (age, sex, height, and weight), baseline cardiovascular variables, volume of propofol and study drug used, duration of surgery, and anesthesia were comparable between the two groups [ Table 1 ]. The intraoperative rescue fentanyl was used in 11 patients in each group. The dose of rescue fentanyl used intraoperatively was not significantly different in both groups [ Table 2 ]. Intraoperative HR and MAP are being shown in Figures 2 and 3 , respectively. The HR was significantly more in dexmedetomidine group after intubation and at 60 min of surgery than in the fentanyl group [ Figure 2] . At all the other time points, there was no significant difference between the groups. The MAP was significantly lower after the initial loading dose of the study drug in the dexmedetomidine group than in the fentanyl group (P = 0.04) [ Figure 3 ]. There was no significant difference at any other time points. The incidence of hypotension requiring treatment with ephedrine was not significantly different between the two groups. In Group F, median number of boluses of ephedrine used was 0 (range 0-2), and in Group D, it was 1 (range 0-3) (P = 0.52). One patient in Group F and two patients in Group D had bradycardia requiring treatment with atropine bolus.
The time to eye opening and tracheal extubation were longer in Group D [ Table 3 ], but the difference was not statistically significant. In both groups, the MOASS was 4 in 6 (40%) patients and 5 in 9 (60%) patients (P = 1.0).
In the postoperative period, the hemodynamic parameters and the dose of fentanyl used for analgesia were not significantly different in both groups.
Discussion
Laparoscopic surgery has a different pain profile than normal open surgery. Pain during laparoscopic surgery is a result of both somatic and visceral afferents. It is difficult to conclude with present evidence whether pain during and after robotic surgery is different from laparoscopic surgery or not. However, it is quite evident that the other complications of laparoscopic surgery, e.g., PONV, shoulder tip pain and intestinal ileus are common in both kinds of procedures. [3] The use of opioids can add to the side effect profile of patients undergoing robotic and laparoscopic surgery by further aggravating PONV and ileus and causing prolonged sedation. Large bolus doses of opioids intraoperatively can also lead to postoperative hyperalgesia and increased consumption of rescue analgesics.
[4] The use of opioid sparing and opioid-free analgesic techniques have the propensity to decrease and even avoid many of these side effects and lead to early oral intake, early ambulation, earlier hospital discharge, and lesser readmission rates to the hospital in the postoperative period. [5] Multimodal analgesic techniques such as use of acetaminophen, pregabalin, cyclooxygenase-II inhibitors, nonsteroidal anti-inflammatory drugs, local anesthetics, beta-blockers, dexamethasone either alone or in combination, have been shown to decrease the requirement of opioids intraoperatively and postoperatively. [6] However, none of these drugs are effective as the sole analgesic, and thus the need for evaluating newer drugs as replacement of opioids in the intraoperative period is still continuing. Alpha-2 agonists such as clonidine and dexmedetomidine have shown promising results in this context. [7] Many recent studies have evaluated the use of dexmedetomidine in patients undergoing various laparoscopic surgeries under balanced or total intravenous anesthesia (TIVA). [1, 2, 8, 9] Feld et al. compared the intraoperative hemodynamics and bispectral index scores (BISs) and postoperative analgesic requirement of patients undergoing laparoscopic bariatric surgery under desflurane anesthesia with either fentanyl or dexmedetomidine as intraoperative analgesic. [8] They found that the patients in dexmedetomidine group used lesser desflurane and had better hemodynamic profile than the patients receiving fentanyl for intraoperative analgesia. In a more recent study, obese patients undergoing laparoscopic bariatric surgery receiving opioid-free TIVA with propofol, dexmedetomidine, and ketamine had a large reduction in relative risk of PONV compared with patients receiving opioid-based balanced anesthesia. [10] This study, however, has not mentioned about the intraoperative analgesia quality in both groups. The postoperative opioid use for analgesia was similar in both the groups in the study. Bakan et al. also showed that opioid-free TIVA with dexmedetomidine, lidocaine, and propofol infusions when compared with opioid-based TIVA with remifentanil and propofol infusions, is associated with lower fentanyl requirements in the early postoperative period (first 2 h) after laparoscopic cholecystectomy. [11] Dexmedetomidine has also been shown to be a suitable alternative analgesic agent to remifentanil in patients undergoing gynecological laparoscopic surgery. [9] However, no previous study has compared the analgesic efficacy of dexmedetomidine and fentanyl in patients undergoing robotic surgery. The difference in pain profile in robotic and laparoscopic surgeries is yet to be confirmed by randomized controlled trials. Pain scores have been shown to be either equivalent [12] or less [13] in robotic approaches as compared to laparoscopic surgeries although evidence presently is probably inadequate to convince either way.
This pilot study has demonstrated that dexmedetomidine when used as a sole analgesic agent, provides equivalent intraoperative analgesia as fentanyl in patients undergoing robotic urological surgery under TIVA. The intraoperative rescue fentanyl used in both groups was not significantly different. The hemodynamic parameters in both groups were also comparable at most of the time points. Both these results indicate a similar analgesic profile of dexmedetomidine and fentanyl for intraoperative analgesia for robotic urological surgery. The use of intravenous dexmedetomidine has unique hemodynamic profile. Bradycardia is a well-known adverse effect of dexmedetomidine. [14] The mechanism involved in the development of bradycardia seems to be combination of baroreflex-mediated reduction in HR, coinciding with the transient increase in blood pressure, reduced sympathetic tone (centrally mediated), and increased vagal tone. [15] Bradycardia is also a well-known side effect seen in patients undergoing urological laparoscopic surgery. [16] The incidence of bradycardia with the use of either of the drugs was, however, not significantly different in this study. This could be explained by the fact that the loading dose of dexmedetomidine was given over 10 min in this study. The incidence of bradycardia has shown to be less by slow administration or omission of the loading dose. [17] The difference in hemodynamic trends was seen only immediately postendotracheal intubation when the mean HR was significantly more in the patients receiving dexmedetomidine. In doses used in this study, dexmedetomidine may not be sufficient to suppress laryngoscopy and tracheal intubation-induced increase in HR. This difference was present only for a short duration (<2 min) and the difference was not significant in the MAP trends. Dexmedetomidine has been shown to attenuate the hemodynamic responses to laryngoscopy and endotracheal intubation when used as an adjunct to opioids. [18] In the present study, dexmedetomidine (0.5 µg/kg) was administered without any opioids which may not be sufficient to abolish the sympathetically mediated HR response associated with laryngoscopy and tracheal intubation.
The clinical effects of dexmedetomidine are due to the activation of presynaptic alpha-2 receptors in the locus coeruleus region of the brainstem. Activation of these receptors inhibits the release of norepinephrine, which is responsible for the analgesia, sedation, and hypnosis seen with use of dexmedetomidine. Dexmedetomidine has been shown to increase the time to recovery from anesthesia in patients receiving TIVA as compared to patients receiving inhalation anesthesia. [19] The mechanism behind this increase may have both pharmacodynamic and pharmacokinetic components. In this study, since there was no patient group which received inhalation anesthesia, this comparison is not possible. However, since the recovery profile (i.e., time to eye opening, time to tracheal extubation, and MOASS) in patients receiving either dexmedetomidine and fentanyl with propofol was similar, it can be elucidated that both these drugs when used in the doses described above may be expected to provide comparable recovery parameters when used as part of TIVA. Analogous results, i.e., dexmedetomidine based anesthesia providing equivalent recovery profiles as fentanyl-based general anesthesia has been shown in previous studies in patients undergoing laparoscopic and open surgery. [10, 20] The postoperative analgesic efficacy of dexmedetomidine in patients undergoing laparoscopic surgery has been evaluated previously. [1, 8] Feld et al. compared the postoperative analgesic effect of fentanyl (0.5 µg/kg bolus followed by 0.5 µg/kg/h infusion) and dexmedetomidine (0.5 µg/kg bolus followed by 0.4 µg/kg/h infusion) in patients undergoing bariatric surgery. [8] Pain scores, morphine use in patient-controlled analgesia pump, HR, and blood pressure were lower in the dexmedetomidine group than in fentanyl group. In contrast to the above study, the postoperative hemodynamic parameters and the rescue analgesic requirement were similar (not less in dexmedetomidine) between the two groups in this study. This may be because of the lower dose of dexmedetomidine used in this study (0.5 µg/kg bolus followed by 0.25 µg/kg/h infusion) and because of different patient (obese) and surgical (laparoscopic bariatric) profile.
The study has a few limitations. The sample size could not be calculated as no previous study has evaluated the intraoperative analgesic efficacy of either of the drugs in patients undergoing robotic urological surgery. Intraoperative BIS monitoring could have been done to provide a more objective method for maintaining level of anesthesia.
Conclusions
This pilot study showed that dexmedetomidine used as a sole analgesic agent in the intraoperative period can provide equivalent analgesia to fentanyl. Both dexmedetomidine and fentanyl showed similar hemodynamic parameters, analgesic requirement and recovery profile in our study. Further studies with a larger sample size are needed to find if statistically significant difference exists.
